1.. Introduction {#S1}
================

Numerous respiratory diseases are associated with prolonged exposure to hazardous substances, especially closely related to smoking. Due to the long-term stimulation by the harmful substances in tobacco, the airway, and lung tissue chronic inflammatory response increase year by year, resulting in airway wall thickening, stenosis, emphysema and other damage, thereby leading to the elastic retraction of the lung, and limiting airflow to a varying degree. Unceasing smoking is known to not only increase the airway inflammation and airway remodeling but also makes patients less sensitive to glucocorticoid therapy \[[@ref001]\]. There is no other more known effective method for lung protection among the smokers, other than the cessation of smoking \[[@ref002], [@ref003]\]. Many prospective studies have shown that the lung function in the smokers improves after quitting smoking, the most commonly used indicator was FEV1% (forced expiratory volume in one second, FEV1) \[[@ref004]\]. In this study, the selected indicators of the airway changes other than FEV1%, such as bronchial wall thickness, bronchial diameter, etc. have been evaluated. There is a large number of smokers in China, especially among the male population, and the effect of different sex on the susceptibility of smoking is diverse, hence in this study, only the male subjects were selected to avoid the interference of gender factors.

2.. Materials and methods {#S2}
=========================

2.1. Research materials {#S2.SS1}
-----------------------

This study prospectively collected the data of 123 subjects who come from the similar district (males, aged 40--75 years old) using multi-slice spiral Computed tomographic (CT) scanning images, and excluded non-compliant patients. Among the subjects, 82 cases were current smokers and 41 cases were ex-smokers (66.6% vs. 33.4%).

Figure 1.The flow chart of 3D CT quantitative measurements.

Smoking was defined as smoking more than 10 packs per year \[[@ref005]\]. Smoking cessation was defined as having discontinued smoking for longer than one year \[[@ref006]\]. Exclusion criteria included basic pulmonary disease, thoracic surgery, a chemotherapy history, incomplete or discontinuous bronchial segmentation, or a failure of segmentation to generation seven.

In this study, the volunteers that smoked were given one-year quitting intervention. The subjects that completed 1 year after quitting smoking were included in the smoking cessation group, and those who continued to smoke were included in the smoking group. The subjects that did not completely cease smoking were excluded from the study. The differences in airway parameters and lung injury were compared between the smoking group and the smoking cessation group. The study was approved by the the Chinese Clinical Trials Registry Center and the Institutional Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University. And its registration number was ChiCTR-OCH-14004935. The written informed consent was received from all patients.

2.2. Quantitative CT measurements {#S2.SS2}
---------------------------------

The CT examination was performed using a 64-slice multi-detector row CT system (Philips Gemini TF 64 PET/CT; Philips Healthcare, Best, the Netherlands). The subjects were placed in the supine position and allowed to take a fully inspired breath. The scan covered the whole lungs. Images were got at settings of 120 kV and 200 mA. Images were reconstructed using a standard algorithm with a 0.625-mm slice thickness and 0.625-mm interval.

Figure 2.The following steps of CT quantitative analysis of measurement parameters: a depict the bronchial auto-segmentation diagram; b depit the range of %LAA-950; c, d, and e are the axial, coronal, and sagittal images respectively; f is bronchial straightening; g depicts the bronchial in the visual field; h and i show measurement parameters.

The FACT-Digital lung TM software (DeXin, Xi'an, China) was used to perform fully automated 3D CT quantitative measurements for the bronchial tree, and the flow chart was Fig. [1](#thc-26-thc174800-g001){ref-type="fig"}. The following steps were taken in Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}: (1) The skeleton extraction algorithm was used to perform a 3D bronchial segmentation. The skeletons of all tested bronchial generations were automatically extracted and exhibited as a bronchial tree (Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}a). The area of emphysema was shown in color (Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}b) (2) Virtual bronchoscopy was used to synchronously display the cursor position in the axial, coronal and sagittal images, and the bronchial straightened image (Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}c--f). The enlarged axial view of the bronchus (Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}g) was synchronously displayed along with eleven measurements, including the LV, %LAA-950, PD (Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}h), WT, LD, LA and WA (Fig. [2](#thc-26-thc174800-g002){ref-type="fig"}i). The accuracy of the measurements was validated by modeling \[[@ref007]\]. (3) The average values of the measurements for all the points of a bronchial generation (the beginning of a bronchial generation to the bifurcation for the next generation) were automatically calculated and the output was recorded in an Excel table. The detailed descriptions of these computerized approaches have been reported elsewhere \[[@ref008]\]. The generated bronchi were evaluated using measurement parameters like WT, LD, WA% (WA/(WA $+$ LA) $\times$ 100), LV, PD, and %LAA-950.

Table 1General characteristics of subjects belonging to the current smokers groupSmokers, %66.6% ($n =$ 82)Age, years61.80 $\pm$ 6.97Smoking amount, pack-years360.44 $\pm$ 236.41Height, cm173.42 $\pm$ 4.15Weight, kg75.06 $\pm$ 8.01BaselineSecond yearP-valueVolume, ml$^{3}$5413.27$\pm$ 836.195613.27$\pm$ 844.740.006%LAA-9500.49$\pm$ 0.480.64$\pm$ 0.720.020PD, HU$-$823.98$\pm$ 32.45$-$832.23$\pm$ 37.960.046WT, mm1.12$\pm$ 0.211.17$\pm$ 0.230.0003LD, mm4.00$\pm$ 1.513.52$\pm$ 1.210.0004WA%0.58$\pm$ 0.140.60$\pm$ 0.140.001Right upper lobe (RUL)Volume, ml$^{3}$1087.80$\pm$ 191.531137.65$\pm$ 183.730.018%LAA-9500.33$\pm$ 0.220.42$\pm$ 0.290.008PD, HU$-$833.30$\pm$ 19.12$-$846.57$\pm$ 43.400.064WT, mm1.34$\pm$ 0.171.39$\pm$ 0.160.020LD, mm2.92$\pm$ 0.952.62$\pm$ 0.870.043WA%0.70$\pm$ 0.140.75$\pm$ 0.090.039Right middle lobe (RML)Volume, ml$^{3}$541.76$\pm$ 145.34561.22$\pm$ 135.830.061%LAA-9500.28$\pm$ 0.200.38$\pm$ 0.300.023PD, HU$-$842.92$\pm$ 19.57$-$857.37$\pm$ 43.800.030WT, mm1.09$\pm$ 0.171.14$\pm$ 0.200.130LD, mm3.07$\pm$ 0.892.94$\pm$ 0.780.320WA%0.63$\pm$ 0.100.67$\pm$ 0.100.027Right lower lobe (RLL)Volume, ml$^{3}$1284.77$\pm$ 319.021338.24$\pm$ 285.970.060%LAA-9500.27$\pm$ 0.240.32$\pm$ 0.290.088PD, HU$-$802.83$\pm$ 31.84$-$815.72$\pm$ 49.960.042WT, mm0.97$\pm$ 0.151.02$\pm$ 0.220.112LD, mm6.29$\pm$ 1.315.85$\pm$ 1.120.009WA%0.42$\pm$ 0.060.45$\pm$ 0.070.026Left upper lobe (LUL)Volume, ml$^{3}$1341.65$\pm$ 202.631387.96$\pm$ 221.020.042%LAA-9500.35$\pm$ 0.170.42$\pm$ 0.250.032PD, HU$-$829.08$\pm$ 29.40$-$849.98$\pm$ 31.160.001WT, mm1.20$\pm$ 0.151.25$\pm$ 0.150.042LD, mm4.10$\pm$ 0.893.75$\pm$ 0.990.002WA%0.60$\pm$ 0.070.64$\pm$ 0.080.001Left lower lobe (LLL)Volume, ml$^{3}$1176.77$\pm$ 293.861214.93$\pm$ 315.010.172%LAA-9500.33$\pm$ 0.220.39$\pm$ 0.210.032PD, HU$-$797.59$\pm$ 35.86$-$808.18$\pm$ 38.380.053WT, mm1.00$\pm$ 0.181.06$\pm$ 0.200.023LD, mm4.80$\pm$ 1.244.50$\pm$ 1.150.092WA%0.49$\pm$ 0.100.52$\pm$ 0.090.003

2.3. Statistical analysis {#S2.SS3}
-------------------------

Paired t-tests were used to compare the differences in WT, LD, WA%, LV, PD and %LAA-950 between the baseline and the second year in the smoking group and smoking cessation group. A value of $P <$ 0.05 was considered statistically significant. PASW Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.

Table 2General characteristics of subjects belonging to the ex-smokers groupEx-smokers, %33.4% ($n =$ 41)Age, years61.06 $\pm$ 6.64Height, cm173.68 $\pm$ 4.10Weight, kg75.56 $\pm$ 8.65BaselineSecond yearP-valueVolume, ml$^{3}$5453.27$\pm$ 955.525491.10$\pm$ 1032.590.682%LAA-9500.51$\pm$ 0.530.64$\pm$ 0.780.080PD, HU$-$819.98$\pm$ 23.46$-$820.23$\pm$ 24.620.927WT, mm1.10$\pm$ 0.191.12$\pm$ 0.220.097LD, mm4.30$\pm$ 1.604.19$\pm$ 1.620.112WA%0.58$\pm$ 0.130.59$\pm$ 0.140.206Right upper lobe (RUL)Volume, ml$^{3}$1083.80$\pm$ 194.351101.65$\pm$ 214.340.352%LAA-9500.39$\pm$ 0.620.55$\pm$ 0.990.136PD, HU$-$829.77$\pm$ 19.77$-$829.97$\pm$ 19.380.930WT, mm1.30$\pm$ 0.121.31$\pm$ 0.270.741LD, mm3.09$\pm$ 0.772.92$\pm$ 0.950.210WA%0.70$\pm$ 0.140.71$\pm$ 0.070.991Right middle lobe (RML)Volume, ml$^{3}$539.04$\pm$ 146.77553.69$\pm$ 139.100.184%LAA-9500.66$\pm$ 0.710.72$\pm$ 0.840.479PD, HU$-$840.52$\pm$ 19.26$-$841.37$\pm$ 21.200.703WT, mm1.06$\pm$ 0.111.09$\pm$ 0.170.169LD, mm3.14$\pm$ 0.882.99$\pm$ 1.050.324WA%0.65$\pm$ 0.070.68$\pm$ 0.090.044Right lower lobe (RLL)Volume, ml$^{3}$1286.24$\pm$ 335.211300.17$\pm$ 327.310.627%LAA-9500.28$\pm$ 0.350.33$\pm$ 0.460.204PD, HU$-$800.02$\pm$ 36.62$-$800.83$\pm$ 33.430.829WT, mm0.95$\pm$ 0.150.97$\pm$ 0.150.264LD, mm6.38$\pm$ 1.186.12$\pm$ 1.280.066WA%0.41$\pm$ 0.060.43$\pm$ 0.070.072Left upper lobe (LUL)Volume, ml$^{3}$1349.45$\pm$ 214.341375.96$\pm$ 230.940.249%LAA-9500.72$\pm$ 0.740.97$\pm$ 1.360.106PD, HU$-$833.08$\pm$ 19.52$-$833.17$\pm$ 21.930.970WT, mm1.19$\pm$ 0.121.20$\pm$ 0.140.594LD, mm4.05$\pm$ 0.903.81$\pm$ 0.980.030WA%0.61$\pm$ 0.070.63$\pm$ 0.080.003Left lower lobe (LLL)Volume, ml$^{3}$1173.54$\pm$ 332.021180.77$\pm$ 303.000.806%LAA-9500.52$\pm$ 1.000.62$\pm$ 0.850.169PD, HU$-$798.38$\pm$ 36.96$-$798.59$\pm$ 34.340.964WT, mm0.98$\pm$ 0.161.00$\pm$ 0.180.407LD, mm5.06$\pm$ 1.074.87$\pm$ 1.230.351WA%0.49$\pm$ 0.080.51$\pm$ 0.070.146

3.. Results {#S3}
===========

The median age of the 123 people enrolled in this study was 57 years (45--75 years). Among them, 82 cases were current smokers and 41 were ex-smokers (66.6% vs. 33.4%). The parameters of all current smokers and ex-smokers at baseline were observed in the first and the second year. The annual increase in LV was more rapid in current smokers (additional 200 ml per year, $P =$ 0.006) than in ex-smokers (additional 37.83 ml per year, $P =$ 0.682). The annual increase in %LAA-950 was more rapid in current smokers (additional 0.15% per year, $P =$ 0.02) than in ex-smokers (additional 0.13% per year, $P =$ 0.08). The annual decline in PD was more rapid in current smokers (decline 8.25 HU per year, $P =$ 0.046) than in ex-smokers (decline 0.25 HU per year, $P =$ 0.927). The annual increase in WT was more rapid in current smokers (additional 0.05 mm per year, $P =$ 0.000) than in ex-smokers (additional 0.02 mm per year, $P =$ 0.097). The annual decline in LD was more rapid in current smokers (decline 0.48 mm per year, $P =$ 0.000) than in ex-smokers (decline 0.11 mm per year, $P =$ 0.112). The annual increase in WA% was more rapid in current smokers (additional 2.0% per year, $P =$ 0.001) than in ex-smokers (additional 1.0% per year, $P =$ 0.206). In most of the measurement parameters indicating pulmonary damage, there was a statistically significant difference between the second year and the baseline in the current smokers, whereas there was no statistically significant difference between in the second year and the baseline in ex-smokers (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

4.. Discussion {#S4}
==============

Currently, the quantitative CT lung imaging technology is a major research \[[@ref009]\] and is used to determine the lung volume, mean lung density, emphysema index and other indicators, which will be abnormal in the progression of pulmonary damage \[[@ref010]\]. Smoke-induced airway stenosis is mainly located in the small airway, which is not currently available for the direct measurement of the small airways using CT, but studies have shown \[[@ref011]\] that the measurement of larger airways can be used to roughly assess and reflect small airway lesions. This study shows that the use of the relevant CT software can be used to measure the airway diameter, assess the airway wall thickness, effective ventilation lumen area, and other indicators of the pathological changes in the airway of smokers and former smokers can be studied in-depth \[[@ref012]\]. Some scientific study often select the measurement of different bronchial parts \[[@ref013]\], leading to a wide variation in the results obtained, hence this study selected the average of bronchial measurements.

In this study, 66.6% of the subjects were persistent smokers, while 33.4% were quit smokers. There was no significant difference in age, height, and weight between smokers and quit smokers, thus the differences in the lung tissue and bronchi caused by age, height, and weight were excluded.

High-resolution CT (HRCT) scans display the level of secondary pulmonary lobules, and can more clearly distinguish the characteristics of the microstructure of the lesion by visually observing the air retention area thereby estimating its range \[[@ref014]\]. In this study, the parameter %LAA-950 was used to quantify the extent of air retention. Many studies have shown that the emphysema region is mainly located in the upper lobe of the lungs \[[@ref015]\], which are consistent with the results of this study.

The parameters selected in this study included lung volume, %LAA-950, PD, WT, LD, and WA%. From the results of the study, it can be seen that the lung volume and %LAA-950 increased, while PD decreased statistically significantly in the second year amongst the continuous smokers than in the first year. In the ex-smokers, a statistically insignificant increase in the lung volume and %LAA-950, and a decrease in the PD was observed, indicating that the lung tissue damage of persistent smokers was more serious than quit smokers, consistent with previous reports. The WT and WA% increased, while LD decreased in the second year than the first year, amongst the continuous smokers, which was statistically significant. The former smokers also showed a slight increase in WT and WA%, and decrease in LD, but not statistically significant indicating that the bronchial damage of persistent smokers was more severe than ex-smokers, which was consistent with the airway remodeling pathology caused by chronic inflammation.

In the past, many studies were conducted only on the overall changes in lung tissue and bronchi. The analysis software used in this study measured quantitatively in whole or in part. This study showed that the parameters of the second year were significantly on a higher scale when compared to the parameters of the first year, consistent with the previous research reports.

The advantage of this study was the use of CT to determine the lung damage of smokers, not only from the morphology of the lung tissue lesions but also from the quantitative measurement of bronchial parameters that helped in identifying the location and extent of lesions. The pulmonary damage caused by smoking can be measured and related to the smoking status. Smoking cessation has a positive role in alleviating the progress of pulmonary damage. Combined CT image information can provide a certain supplement for clinical and pulmonary function. There were shortcomings and limitations of this study: less sample size in this study; failure to analyze by age.
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